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The effects of hydrogen bonding, dielectric and pH
of the medium have been examined on the two absorp-
tion bands at )'max 2450A (I) and 2150A (II) of 1,3dithio-
lan-2-one in cyclohexane. Band-T is asstgned to
pi* -<- 11 and II to pi* <- pi transitions. The anomalous
behaviour of the higher oscillator strength of the
(pi*, n) band is explained.
UNSA TUHA TED acyclic ar.d cycl!c ~-keto sulp.hiclcs
undergo charge trar.sfer excited state n.ter-
action and perturbation of the (pi*, n) excited state
of the carbonyl groupl.2. Further 3d aid 4s
orbitals of sulphur are known to participate and
give complex transitio: s from both Rydberg aud
;:r*-<c---noxcitations--". The excited state reactivity
IS dependent UpOIl the trar.sition" and si.ce we
proposed to investigate the photochemistry of
1,3-dithiolan-2-one (DTL-one), the assigr rnei.t of
electronic trar.sitioi.s and a study of the effect of
the medium OIl these traisitio..s were undertaken.
The effects of directly liiked sulphur atoms to car-
bonyl group on the electro; .ic transitions of the
latter have also been examined.
p~L-one was prepared by oxidizing ethylene
trithiocarbonate with (a) mercuric acetate" aut
(b) copper nitrate". The products from both the
oxidations were recrystallized from pet. ether (40-60°)
and were found to be identical (m.p., UV and IR).
The solvents used were of spectrograde quality ai.d
th~ spectra were taken on UV-VIS Spccord ai.d
HIlger and Watts spectrophotometers.
Polarity of the solver.ts is helpful i11 assigning
~ralJ.sit!onsB,9 and the absorption spectra of D'I'Lvone
In various solvents are given in. Fig. 1. Bands- I
and II undergo red shift with increase in the
p'olarity of the medium suggestilg pi*-<c---pitrai.si-
tlOl!~lO. However, two pi*-<c---pitrar.sitior.s are iot
p.ossIble and it is difficult to preclude pi*-<E-11trai.si-
tion of carbonyl groupt-.
The spectrum ill the acidic medium (H2S04 =
9·0 X 10-31\11). however, showed no change in the
spectral characteristics, suggesting that even if pi*+-n
*To whom correspondence may be addressed.
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Fig. 1 - Absorption spectra of 1,3-dithiolan-2-one (3'20 X
10-4M) in solvents of different polarities
trar,s!tion .exists, the 10Ee pair on oxygen is rot
bOLCh:g WIth the protoi.s : otherwise pi*-<c---ntrai sition
should have disappeared'>. This is possible if the
electron density 011 oxygen is appreciably decreased
by the two sulphur atoms directly li..ked to >C=O
group. The carbonyl group contaii.s cor.tributions
from the resonance structures like
a+ a- a- a+
>C-O and >C-O
(:1.) (b)
1" whic~1 the magnitude of charge development and
separation depends upon the structure of the
molecule-", If we coi.sider the carbonyl bonding
predomiL.antly. via structure (b) in 1,3-clithiolan-
2-oLe, the baSIC medium should affect the spectral
features. TI-:is was found to be so in 8'Ox lO-:iM aq.
KO~ wherein band-I was suppressed while band-II
remained unchanged. Hence, it is likely that band-I
may correspond to pi*-<c---ntransition. The spectra
were. also taken in electron donating solvents like
1,4-dlOxaJ!e, tetrahydrofuran arid ether. In these
solvci.ts pi*-o.rbital is expected to be lowered
WIt~OUt. affectir.g the n-orbit;].l much, thereby re-
sultir.g Il:. decreased energy gap between these states.
A red shift of 40 A was observed in 1,4-dioxane and
ether and of 110 A in tetrahydrofuran (relative to
n-hex2.!e). A comparison of the dielectric coistants
of the media shows that ihe"c shifts (';\].10t be as-
sigl ed to the dielectric effects.
In the p.olar solvents, there exists the possibility
oft\\'~(lIstIu~.effects: (i) bordirg with the solvent;
and (11) stabilitv of polar states of the molecule.
Hydrogen bor.dir.g of the carbonyl compounds in
hydro~ylIc solvents leadir g to a blue shift is well
estabhshed14: In solvents of higher dielectrics.
the dipole-dipole interactions are stror.g and if the
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excited state of a molecule is lowered to a greater
extent as compared to the ground state in such
solvents, the red shift is understandable. In (1;-
hydroxyketones this kind of red shift has been ob-
served". The spectra in Fig. 1 show that the effect
due to stability of polar states dominates in the
present system and the red shift increases with the
dielectric constant of the medium. A detailed
analysis is, however, not possible, since the charge
distribution is expected to be affected by even
hydrogen bonding and if it leads to increased dipole
moment, the expected blue shift due to hydrogen
bonding may get cancelled-". The contribution
of the polar structure is further apparent from the
results presented in Table 1. The oscillator strength
(1) continuously increases with the dielectric. A
linear relationship is observed between the transition
energies and the dielectric constant of the medium.
With increase in polarity, the separation between
the two concerned electronic states decreases. In
terms of Franck-Condon principle excitation from
a solvated ground state leads not to the energetically
most stable solvated cor-formation of the excited
state, but to a conformation geometrically identical
to the solvated ground statel" Thus in the transi-
tion a change in the solvation energy can result
leading to decreased separation between the ground
and the excited state as observed.
Now band-II can be assigned to pi*~pi transition.
I t undergoes a red shift with the increase in polarity
of the medium; it is of higher energy than pi*~n
transition and it is of higher intensity than band-I
(as expected-t) when solute-solvent interactions
are minimum.
Another interesting feature is that the (1) value
for pi*~n transition is of the order of 10-2, while
in normal cases it is of the order of 10-3 to 10-4. This
could be due to the symmetry of various states being
modified by vibrational interactions particularly
because of the allowed and forbidden excited states
TABLE 1 - ENERGIES AND OSCILLATORSTRENGTH(f) OF
ABSORPTIONBANDs(a)
Dielectric
constant(b)
Band-I Band-II
Energy (f) (c)
kcal X 102
mole"!
(f)
X 10'
Energy
kcal
mole'?
CYCLOHEXANE
2·02 132·9 4·537116·7 2·975
METHANOL
32·63 4·062 132-6 (d)114·6
METHYL CYANIDE
36·70 125·9 2-511114·0 4-441
80·00
'VATER
6·479 127·6 7·929112·1
(a) Spectra were recorded at 25° ± 2°. (b) Values of. the
dielectric constants were taken from Handbook of chemistry
(Longmans, New York), 1957. (c) Oscillator s~ren&ths are
calculated from the absorption bands and their WIdths at
half height. (d) Diffused band.
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being closel". The pi*~n transition in the present
case is only ,.....,15kcal below pi*~pi transition and
the (1) value for band-II is lower than that for band-I
in methylcyanide (Table 1). Furthermore, the
bands are closer in this solvent which demonstrates
the possible contribution of polar states and mixing
of states.
We are thankful to the CSIR, New Delhi, for
financial assistance to two of us (H.C. and J.S.).
References
1. LUMMA(Jr), W. C. & BERCHTOLD,G. A., J. org. Chem.,
34 (1969), 1566.
2. FEHNAL, E. A. & CARMACK,M., J. Am. chem. Soc., 71
(1949), 84.
3. BARRETT, J. & HITCH, M. J., Spectrochim. Acta, 24A
(1968), 265.
4. BARRETT, J. & HITCH, M. J., Spectrochim: Acta, 25A
(1969), 407.
5. PORTER,G. & SUPPAN,P., Trans. Faraday Soc., 61 (1965),
1664.
6. CHALLENGER,F., MASON,E. A., HOLDSWORTH,E. C. &
EMMOT,R, J. chem. Soc., (1953),292.
7. AGGRAWAL,U. & BHASKER RAO, P., Inorg. nucl. chem.
Lett., 3(6) (1967), 205.
8. UNGANADE,H. E., J. Am. chem. Soc., 75 (1953), 432.
9. DUBOIS, J. B., Spectrochim: Acta, 20 (1964), 1815.
10. ORCHIN, M. & JAFFE, H. H., The importance of anti-
bonding orbitals (Hougon Mifflin, Boston, Massachu-
setts), 1970, 63.
11. MULLIKEN, R S., J. chem. Phys., 3 (1935), 564.
12. KASHA, M., The nature and significance of pi· <- n tran-
sitions in light and life, edited by W. B. McElory &
B. Glass (John Hopkins, Baltimore), 1961, 31.
13. JAFFE, H. H. & ORCHIN, M., Theory and applications of
ultraviolet spectroscopy (John Wiley, New York), 1962,
171.
14. RAO, C. N. R, Applied spectroscopy reviews, edited by
E. G. Brame (Marcel Dekker, London), 1969.
15. FORD, R A. & PARRY, F., Spectrochim. Acta, 12 (1958),
78.
16. LEES, W. A. & BURRAWOY,A., Tetrahedron, 19 (1963),419.
17. BAYLISS, M. S. & McRAE, E. G., J. phys. cu-«, 58
(1954), 1002, 1006.
18. HERCULES, D. M., Fluorescence and phosphorescence
analysis (Interscience, New York), 1965, 13.
19. CALVERT,J. G. & PITTS (.Ir), J. N., Photochemistry (John
Wiley, New York), 1967, 259.
High Temperature Thermal Expansion
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Thermal expansions of pure U02• Gd20. (C-type)
and U02-1·5 w]» Gd20. solid solution have been
measured employing high temperature X-ray dif-
fractometry in the range 298-1700K in pure helium
atmosphere. The results show that the coefficient of
linear thermal expansion of pure UO. is higher than
that of Gd203 (C-type) or ur-aniavgadolfnia solid
solution.
URANIUM dioxide (UOz) has a face-centred cubicstructure and is known- to form a single phase
cubic fluorite type solid solution with GdP3 up to
